INTRODUCTION
Immunoglobulin genes (Ig) are expressed in a cell-specific manner primarily due to processes of gene segment rearrangement and transcnptional control. Transcription of germline heavy chain Ig variable (V H ) segments has been shown to preceed V H rearrangement in early-staged mouse B lymphocytes (1) , and may, in fact, determine the selectivity of Ig segment rearrangements (2) . High rates of kappa Ig gene transcription also result, in part, from the juxtapositioning of kappa promoter and enhancer elements during B cell development (3) . Gene transfer experiments have delineated DNA sequences in the promoter region of kappa Ig variable (V^ segments (4, 5) , the J k -C k intronic enhancer region (6, 7, 8) , and recently, an enhancer element identified ~9 kb 3' of the mouse kappa Ig constant (C]<) segment (9) which are responsible for initiating and augmenting accurate kappa transcription in B cells. The subsequent development of in vitro binding assays (10, 11) has permitted identification of specific DNA-binding proteins in the kappa promoter and intronic enhancer (12, 13, 14, 15) , and led to rapid purification of nuclear proteins which mediate kappa gene transcription (16, 17) . These advances have facilitated isolation of cDNA clones for these factors which will permit development of in vitro transcription assays to answer questions concerning the mechanism(s) of Ig transcnptional activation. Synthesis of transcription factors, in complete and mutated form from cloned genes, and their controlled addition to in vitro reconstituted systems will aid in determination of the precise mechanism of transcriptional initiation and the basis of cell-specific Ig regulation. If transcription of Ig gene segments proceeds their structural rearrangement, then analysis of promoter/enhancer transcription factors and their own regulation should provide insights into early events which presumably control the determination and cell committment of developing lymphocytes (18) .
In this study an in vitro transcription system has been established with human B cell extracts in an effort to study the regulation of kappa Ig gene transcription. In particular, the kappa intronic enhancer has been shown to act as a positive transcriptional element in vitro under conditions of low DNA template concentration. This system will aid reconstitution experiments designed to assess the function of kappa Ig enhancer/promoter factors in establishing cell-specific V k transcription
METHODS

Cell culture and extract preparation
The human Burkitt's lymphoma B-cell line, Daudi, was grown in spinner flasks to a density of 10 6 cells/ml in RPMI1640 medium which contained 10% fetal calf serum. HeLa cells were maintained in suspension culture at a density of 10 6 cells/ml in Joklik's modified Eagle medium which contained 5% bovine calf serum. Cells were harvested, washed in phosphate buffered saline, swollen in a hypotonic buffer for 20 min at 4°C, Dounce homogenized (B pestle), and a whole-cell extract prepared according to the method of Manley and Gefter (19) .
DNA plasmids pV k 173 contains a 1.4 kb EcoRl fragment derived from the germline V k 173B mouse kappa light chain gene (20) . This fragment was obtained from E. Max, National Institutes of Health, and cloned into the Eco Rl site in pBR327. This EcoRl fragment contains 500 bp of DNA sequence 5' of the V k 173B transcriptional start site (i.e., its promoter), and the entire leader and variable region segments. pLT40k.0 contains a 3.2 kb EcoRl/Bgl II fragment from the rearranged MOPC 41 mouse kappa light chain gene (21) . This fragment was cloned into a SV2-neo/pBR322 construct by J. Stafford and C. Queen (22) . The EcoRl/Bgl II fragment contains 1.1 kb of DNA sequence 5' of the V k 41 transcriptional start site (i.e., its promoter), the leader and rearranged V k -J, segments, and 300 bp of 3' flanking sequence from the MOPC 41 J k -C k intron. A 467bp AJul/AJul fragment was derived from the MOPC 41 kappa J k^Ck intron by C. Queen and J. Stafford (7) . EcoRl linkers were ligated onto this fragment and it was cloned into the EcoRl site of pLT40k.0 (i.e., 1.1 kb 5' of the V k 41 transcriptional start site) (23) . Both kappa enhancer orientations were isolated: pLT40k. 1 contains the enhancer in its (+) orientation (i.e., identical to its natural intronic configuration relative to V k -C|<), and pLT40k.2 contains the enhancer in its (-) or inverted orientation relative to its natural configuration. Diagrams of these plasmid constructions are shown in Fig. 2 . The V k 173B gene belongs to the V k 41 subgroup of V k genes found in BALB/c mice (20) . Both the V k 41 and V k 173B segments are highly conserved in both coding and 5' non-coding flanking DNA sequences. The promoters for these V k genes are 94% identical at the nucleotide level (i.e., from position -120 to +1); from position -120 to +564 (i.e., the end of V region coding sequence) there is 92% overall identity at the nucleotide level (20) . Digestion of pV k 173, pLT40 k.0, k. 1, and k.2 with Ace 1 produce a run-off transcription product of 473 bp. Digestion of pHu4A with Hindin and digestion of pSmaF with Smal produce run-off products of 620 bp and 536 bp, respectively (24). Plasmids were propagated, purified, and digested with restriction endonucleases according to standard procedures (25).
In vitro transcription
Transcription reactions (50 /*1) were performed in a buffer containing 12 mM HEPES (pH 7.9), 50 mM KC1, 6 mM MgCl 2 , 0.25 mM EDTA, 1 mM DTT, and 8% glycerol; 50% of the reaction volume consisted of whole-cell extract (4 g/ml final protein concentration). Concentrated solutions of ATP, CTP, and GTP were added to achieve a final concentration of 0.5 mM. Creatine phosphate and UTP were added to a final concentration of 5 mM and 5 /iM, respectively. [T- 32 P] UTP was added to a final concentration of 800 /tCi/ml. Various amounts of linear DNA templates were added and transcription reactions were allowed to proceed for 1 h at 30°C before termination by adding 25 nl of stop buffer (10 mM Tns (pH 7.9), 7 M urea, 0.1 M LiCl, 10 mM EDTA, and 0.5% SDS). RNA was purified by repeated phenol/chloroform extraction followed by washing the pellet with 0.2% SDS. Samples were resuspended in 90% formamide/ 0.2% SDS, heated briefly to 90°C, loaded onto a 5 % acrylamide/7 M urea sequencing gel and electrophoresed at 50 watts for 4 h. Gels were dried and exposed to Kodak XAR-5 film with a Dupont Cronex intensifier screen for 2-15 h at -80°C.
RESULTS
Characterization of B and HeLa whole-cell extracts in in vitro transcription assays
The DNA template specificity of Daudi and HeLa whole-cell extracts is shown in Figure 1 . Several gene promoters were tested at a standard [DNA] of 50 /tg/ml (19) . A mouse V k gene, a human histone 4A gene, and the adenovirus major late promoter produced the expected in vitro transcription run-off products of 473 bp (pV k 173), 620 bp (pHu4A), and 536 bp (pSmaF) from A. linearized templates in both Daudi (panel A), and HeLa (panel B) extracts. Both extracts transcribed the major late promoter to a greater extent than either the V k or histone 4A containing templates under these conditions. However, the V k template was several fold more active in the Daudi extract than in the HeLa extract. A map of pV k 173 and the kappa enhancer V k 41 templates used in these studies is shown in Fig. 2 .
The effect of increasing a-amanitin concentration on V k in vitro transcription is shown in Figure 3 . Alpha-amanitin concentrations of 0.1 /ig/ml effectively abolished in vitro transcription of pV k 173 (50 /ig/ml) in both Daudi (panel A) and (22) Digestion of the pLT40 k 0, k 1, and k 2 plasmids with Accl produces two fragments, an in vitro run-off product of 473 bp is generated from these templates A 475 bp EcoRl fragment (see Methods) which contains the entire kappa Jk-Ck intronic enhancer was cloned 1 1 kb from the pLT40k 0 V k 41 start site in both orientations k 1 (+), k 2 (-).
HeLa (panel B) extracts. These results suggest that in vitro transcription of this template (and others not shown) in these extracts was mediated by RNA polymerase II. The in vitro transcription conditions were further characterized by performing a time course analysis (panel C). pV k 173 was transcribed at a [DNA] of 50 /tg/ml in the Daudi extract for various lengths of time. The 473 bp run-off product was quantitated by densititometry using several autoradiographic exposures of the gel. These results showed that a reaction time of lh at 30°C was in the linear range of the assay and these conditions were used in subsequent transcription reactions. compared to those presented in Fig. 1 in a qualitative sense since the gels in these experiments were exposed for different lengths of time. The basis of this DNA concentration effect is described below (see Discussion). The kappa light chain enhancer was positioned 1.1 kb 5' of a V k start site in an effort to establish conditons whereby the effect of this transcriptional element could be studied in vitro. For this purpose the enhancer-containing templates, pLT40k. 1 & k.2, were compared to the same V k promoter template, pLT4Ok.O, which lacked this 475 bp element. pLT40k.2 was also compared with pV k 173, another highly related V k promoter, which did not contain the kappa enhancer. All V k templates used in these comparisons contain a promoter octamer binding site, ATTTCrCAT, in an identical position from the transcnptional start sites (i.e., at -66 bp). Promoters for V k 41 and V k 173B exhibit 94% identity at the nucleotide level (i.e., from position -120 to +1). The octamer element has been shown to be absolutely necessary for Ig kappa promoter expression in vivo (4, 5) , and necessary for elevated V k 41 promoter activity observed in B cell extracts in vitro (26). The results of testing these templates as a function of [DNA] in Daudi extracts are shown in Figure 5 . A DNA titration of pLT40k.0 vs. pLT40k. 1 revealed that at high template concentrations (50 and 25 /tg/ml) the kappa enhancer did not stimulate in vitro transcription in the Daudi B-cell extract (panel A). At lower template concentrations, however, stimulation was observed. At template levels of 12.4 and 6.2 /tg/ml an ~3-7 fold increase in kappa enhancerdependent levels of V k transcription was observed using three template comparisons: pLT4Ok.O vs. k. 1; pLT40k.0 vs. k.2; and pV k 173 vs. pLT40k.2 (panels A, B, and C, respectively). V k transcription was undetectable at a [DNA] from 3.1 /tg/ml to 0.6 /tg/ml (data not shown). The kappa enhancer-dependent increase in V k transcription (3-7 fold) has been observed at low [DNA] with 3 different Daudi whole-cell extracts and with 2 different sets of plasmid preparations. Addition of non-specific DNA (pBR327) to V k templates (6.2 /tg/ml) to achieve a final [DNA] of 25 /tg/ml had no effect on the enhancer-dependent stimulation of V k transcription (data not shown). An identical DNA template titration was performed using these V k plasmids in HeLa extracts. V k transcription was only observed at a template concentration of 50 /tg/ml. An -2-fold increase in the level of V k transcription was observed with the kappa enhancercontaining templates in HeLa extracts, but transcription of these templates was undetectable at lower template concentrations (25, 12.5, and 6.2 /tg/ml) (data not shown). These results are consistent with the observations made previously with V k transcription in HeLa extracts at high and low template concentrations (see Figure 4) .
Finally, the effect of kappa enhancer stimulated V k transcription was shown to be dependent on the physical linkage of this element in cis to the V k promoter (Figure 6 ). pLT40k.2 was digested with EcoRl and compared with pV k 173, pLT40k.2, and pLT40k.0 at 6.2 /tg/ml in the Daudi extract. All templates had been digested with Accl to produce the desired 473 bp run-off product. Excision of the enhancer from this plasrrud with Eco Rl effectively reduced enhancer-dependent V k transcription to the level observed with the other V k promoter templates which contained no kappa enhancer.
DISCUSSION
Figures 1 & 3 demonstrate that a range of DNA template promoters are transcriptionally active in both B and HeLa wholecell extracts, and that accurate initiation is mediated by RNA pol n. The relative strengths of individual promoters in this set of templates differed, however, when B and HeLa cell extracts were compared. In particular, the kappa promoter, pV k 173, was several fold more active in B than in HeLa extracts. Similar conclusions have been reported with B and HeLa cell nuclear extracts using linear and circular templates (26). Several groups have also reported higher rates of Ig V k (27) and V H (28) gene transcription in B cell extracts when compared to HeLa extracts under standard in vitro conditions. Titration of [pV k 173] in B and HeLa extracts (Figure 4) showed that V k transcription persisted at low template concentrations in B extracts, but not Addition of affinity purified OTF-2 to a B cell extract depleated of OTF's has also been shown to stimulate V k transcription in vitro (16) . These results suggest that in vitro V k promoter transcnption in B cell extracts is probably mediated by the B cellspecific octamer transcription factor, OTF-2/Oct-2, directly or its interaction with other B cell-specific factors. Loss of pV k 173 transcnption in HeLa extracts at low template levels may result from lack of B cell-specific transcnption factors. Deletion of the Ig V k octamer site has been reported to have no effect on V k transcription in HeLa extracts (26), whereas in other HeLa cell-free systems deletion of the octamer element results in a 4-5 fold (27), or small (28) decrease in V k transcnption in vitro Addition of affinity purified OTF-l/Oct-1
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96 -344 - Figure 6 : Effect of EcoR 1 digestion of pLT40k.2 on kappa enhancer-dependent transcription of V k genes in vitro The kappa enhancer was excised from pLT4Ok.2 by digestion with EcoRl, and compared to pV k 173, undigested pLT40k 2, and pLT40k 0 in the Daudi extract All templates were digested with Ace I to produce the desired run-off product. Templates were compared at a [DNA] concentration of 6 2 /ig/m], and a final protein concentration of 4 g/ml Each lane is labeled with the template used The run-off product is identified by an arrow, and molecular weight markers are denoted (Mr) to a HeLa extract depleted of OTF's has been shown to stimulate V k transcription in vitro (28), and suggests that OTF-l/Oct-1 mediates V k transcription in HeLa extracts due to its high concentration.
Induction of cell-specific transcription by an Ig enhancer in vitro was first reported for the mouse heavy chain Ig enhancer (30). This element was shown to stimulate the SV40 early promoter ~ 15 fold in B cell extracts only in the presence of 2-4 mM spermidine. In contrast, both the kappa and heavy chain Ig intronic enhancers have been reported to have no effect on in vitro transcription of an Ig kappa promoter in B whole-cell extracts (27). The results presented in Figures 5 and 6 suggest that the kappa light chain intronic enhancer can stimulate in vitro transcription of V k promoters in B cell extracts in the absence of polyarrunes. Under conditions of low template concentration the kappa Ig enhancer is capable of stimulating V k transcription -7 fold. The concentration of a necessary enhancer transcription factor(s) could be limiting in these in vitro assays, and could be titrated out by high concentrations of non-functional transcription complexes. High template concentrations could also effectively mask the stimulatory effect of enhancer proteins if this element must order the binding of its at least 5 different factors (14, 15) before forming a functional transcription complex. Conditions of limited template concentration could also favor assembly of more fully competent initiation complexes.
Development of in vitro transcription systems which partially mimictc the in vivo effects of the kappa promoter/enhancers will aid in identifying functional components of the kappa gene cellspecific transcriptional machinery, and allow their individual and combined roles to be assessed. In vitro transcription assays will then aid determination of the biochemical events which activate kappa gene transcription and form the basis of cell-specific Ig expression. 
